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Materials and Methods
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Analysis of the expression at different devel-
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Identification of cDNA sequences encoding
BmTO
*B8=6 C74 3464=4A0C4 ?A8<4AB 0 ?0AC80; Bmto 2# F0B
>1C08=43 ' F0B DB43 C> 2><?;4C4 C74 <8BB8=6  0=3
 4=3B >5 C74 2# )74 2# 2>=B8BC43 >5 

 1?




 <)$ B. mori CAH?C>?70= >GH64=0B4 F0B 0B
B86=43 8CB =0<4 1420DB4 >5 8CB B8<8;0A8CH C> C74 :=>F=
CAH?C>?70=>GH64=0B4?A>C48=
Bmto expression profile in B.mori larvae
)> 4G0<8=4 C74 4G?A4BB8>= >5 Bmto 64=4 8= E0A8>DB ;854
BC064B A40; C8<4 ')%' DB8=6 C>C0; '# >1C08=43
5A>< 38554A4=C 8=BC0AB F0B ?4A5>A<43 Bm actin F0B DB43
0B 0= 8=C4A=0; 2>=CA>; )74 ;4E4; >5 Bmto’s 4G?A4BB8>= F0B
@D0=C85843 1H 20;2D;0C8=6 C74 A0C8> >5 BmtoBmActin >5 C74
B0<4 B0<?;4 B B7>F= 8= 86DA4  Bmto F0B 4G?A4BB43
8= 0;; B0<?;4B 4G0<8=43 )A0=B2A8?C ;4E4;B F4A4 ;>F 8=
;0AE04 0=3 03D;CB 0=3 <D27 6A40C4A 8= 4<1AH>B 0=3
?D?04
Comparison of BmTO to other tryptophan
oxygenase proteins
)74 ?A4382C43 <>;42D;0A F4867C 0=3 ? >5 B. mori CAH?C>
?70= >GH64=0B4 F4A4 

 :0 0=3  A4B?42C8E4;H
<)$ F0B =>C ?A4382C43 C> 14 0 B42A4C43 ?A>C48= 0B 34
C4A<8=43 1H (86=0;% )74A4 F0B 	 0;?70 74;8G
	 A0=3>< 2>8; 0=3  4GC4=343 BCA0=3 8= C74
B42>=30AHBCAD2CDA4>5<)$86DA4
)> 0BB4BB C74 A4;0C43=4BB >5 C74 <)$ C> CAH?C>?70=
>GH64=0B4 ?A>C48=B 5A>< >C74A B?4284B 834=C8C84B F4A4
20;2D;0C43 10B43 >= 0 ;DBC0; 0;86=<4=C 8=2;D38=6 =8=4
CAH?C>?70= >GH64=0B4 ?A>C48= B4@D4=24B 86DA4 

<8=> 0283 2><?0A8B>=B A4E40;43  834=C8CH
14CF44= C74 343D243 ?A>C48= >5 <)$ 0=3 ?A4E8>DB;H
:=>F= CAH?C>?70= >GH64=0B4B 5A>< C74 <>C7 Plodia inter-
punctella 86DA4 
  34=C8CH >5 CAH?C>?70= >GH64=0B4
?A>C48=B F0B 7867 F8C78= C74 0AC7A>?>3B 0C ;40BC 

F7827 E4A85843 C70C tryptophan oxygenase 64=4 F0B A4;0C8E4;H
2>=B4AE430<>=6C748=B42CB
Discussion
H4 ?86<4=CB >5 D. melanogaster F4A4 34C4A<8=43 1H B?4
28582 4=IH<4B >5 18>BH=C74B8B )% 18=38=6 20BB4CC4 CA0=B
?>AC4AB >5 ?A42DAB>AB >5 ?86<4=CB 0=3 ?86<4=C 6A0=D;4B
!;>H3 4C 0; 
 )AH?C>?70= >GH64=0B4 8B 0= 4BB4=C80;
0<8=> 0283 >5 8=B42CB 0B 8CB 01B4=24 >A 3458284=2H A4BD;CB
8= 4H4 2>;>A 34542CB 8= Drosophila 0=3 >C74A 8=B42C B?4284B
(D<<4AB 4C 0; 
 "8H0B78C0 4C 0; 

 ,78C4 4C 0;

 !>A4=I4= 4C 0; 		 01A82: 4C 0; 		
 = C74
?A4B4=C BCD3H C74 Bombyx mori CAH?C>?70= >GH64=0B4B
7><>;>6 Bmto F0B BD224BB5D;;H 2;>=43 0=3 0=0;HI43
Bmto F0B 4G?A4BB43 0C 0 F834 E0A84CH >5 34E4;>?<4=C0;
BC064B F7827 F0B 2>=B8BC4=C F8C7 C70C >5 ><<>27A><4B
(0F030 4C 0; 			 <)$ 8B 7867;H B8<8;0A C> >C74A
CAH?C>?70=4 >G864=0B4B 8=2;D38=6 C7>B4 A468>=B >5 C74
?A>C48= C70C 0A4 2>=BCA08=43 1H 5D=2C8>=0; A4@D8A4<4=CB
0<>=638E4AB4B?4284B
><8=0=C ?74=>CH?82 <0A:4AB BD27 0B 4H4 2>;>A 64=4B
20= 14 DB43 8= C74 34E4;>?<4=C >5 CA0=B64=482 >A60=8B<B
)74B4 64=4B 0A4 =>C ;8<8C43 1H 24;; 0DC>=><H 0=3 64=4A
0C4 0= 40B8;H B2>A43 E8B81;4 ?74=>CH?4 F74= 8=CA>3D243
8=C> C74 0??A>?A80C4 <DC0=C 102:6A>D=3 )74 DB4 >5 BD27
64=4B 4;8<8=0C4B C74 =443 5>A B?4280;8I43 34C42C8>= BHB
C4<B C7DB <0:8=6 CA0=B5>A<0C8>=10B43 ?A>C>2>;B <>A4
F834;H 0224BB81;4 A834;; 0=3 (40A;4B 

 2>=BCAD2C43 0
64A< ;8=4 CA0=B5>A<0C8>= E42C>A C70C DC8;8I4B C74 vermilion
0B C74 B4;42C01;4 <0:4A 64=4 F7827 4=2>34B C74 4=IH<4
CAH?C>?70= >GH64=0B4 8= Drosophila !>D:4A8B 4C 0; 

34E4;>?43 0 CA0=B5>A<0C8>= BHBC4< 5>A C74 <435;H Ceratitis
:@=9,7:19>0.?$.409.0&:7F=?4.70
 ),90?,7
:@=9,7:19>0.?$.409.0FBBB49>0.?>.409.0:=2 Figure 1. %309@.70:?4/0,9//0/@.0/,849:,.4/>0<@09.0:1 Bmto .  @.70:?4/0>,=09@8-0=0/:9?30701?:10,.37490%30/0/@.0/
,849:,.4/>0<@09.04>>3:B9-07:B?309@.70:?4/0>0<@09.0,9/9@8-0=0/1=:8?3014=>?80?34:9490%30;=480=>4?0>,=049/4.,?0/-D,=
=:B>%30,849:,.4/:1.:9>0=A0/?=D;?:;3,9:CD209,>0/:8,494>>3,/:B0/94?4,?4:9,9/?0=849,?4:9.:/:9>,=0>3:B949-:7/1,.0
capitata F8C7 C74 4H4 2>;>A 64=4 F78C4 ,78C4 4C 0; 

;8=:43 vermilion 2# >5 D. melanogaster C> C74 8=3D281;4
7B? ?A><>C4A >5 D. pseudoobsura. )78B <0A:4A A4B2D43
03D;C 4H4 2>;>A 8= 0 BCA08= >5 Musca domestica C70C F0B 7>
<>IH6>DB 5>A 0 <DC0=C CAH?C>?70=4 >GH64=0B4 64=4
,78C4 4C 0; 
 4B0=B:H 4C 0; 
 ?;0243 Anopheles
gambiae 2# 4=2>38=6 CAH?C>?70= >GH64=0B4 D=34A C74
2>=CA>; >5 C74 2>=BC8CDC8E4 102D;>E8ADB ?A><>C4A ie-1
)78B 278<4A82 2>=BCAD2C 4G?A4BB43 CA0=B84=C;H 8= vermilion
<DC0=CB >5 D. melanogaster ?0AC80;;H A4B2D43 03D;C 4H4
:@=9,7:19>0.?$.409.0&:7F=?4.70
 ),90?,7
:@=9,7:19>0.?$.409.0FBBB49>0.?>.409.0:=2 Figure 2. C;=0>>4:9:1 Bmto 209049/4110=09?>?,20>#%!#=0>@7?>:114A0>?,20>,8;70>,=0>3:B949B34.34>,8;74140/,1?0=


.D.70>#0,7?480#%!#>B0=0;0=1:=80/B4?3>;0.414.;=480=;,4=>1:=?30 Bmto := actin-1 ,9/>3:B949&0=?4.,7>.,70>>3:B
?30=07,?4A08:70.@7,=B0423?:1 Bmto =07,?4A0?: Actin-1:=4E:9?,7/,?,	G
=0;=0>09?0/?3014A0/4110=09?>?,20>:108-=D:>?34=/
49>?,=7,=A,0141?349>?,=7,=A,0;@;,0,9/8:?3=0>;0.?4A07D
Figure 3. $0.:9/,=D>?=@.?@=0:1?30 Bombyx mori ?=D;?:;3,9:CD209,>0/0?0=8490/-D3??;9;>,;-474-.;1=
7;3,3074.0>,=0>3:B949-7@0>300?>49=0/,9/=,9/:8.:47>498,209?,
2>;>A 4B0=B:H 4C 0; 
 4=4B BD27 0B Bmto <0H
?A>E48=E0;D01;40BCA0=B5>A<0C8>=<0A:4AB8=C745DCDA4
Acknowledgments
,4 C70=: %A>5 !D 70=64 5>A C7>D67C5D; 03E824 2A8C
820; A4038=6 >5 <0=DB2A8?C ,4 0;B> C70=: ,0=6 (7>D
-80= 0=3 -4 (D4=6 5>A 74;? F8C7 8=B42C 54438=6 )78B
F>A: F0B BD??>AC43 1H C74 #0C8>=0; 8)427 '4B40A27






1A070<  (4IDCBD   0=30 ) (D60B0:8 ) (78<030 ) )0<DA0
) 			 34=C85820C8>= 0=3 270A02C4A8B0C8>= >5 0 B8;:F>A< 






403;4 , ?7ADBB8  
 4E4;>?<4=C >5 4H4 2>;>AB 8= Drosophila
3855DB81;4BD1BC0=24B0=3C748A8=C4AA4;0C8>=B Genetics  
40A3  4=4382C "& %A8<DB % 8==4ACH + >;;8=B  

H4 ?86<4=CB 8= F8;3CH?4 0=3 4H42>;>A <DC0=C BCA08=B >5 C74
5A820= <0;0A80 E42C>A Anopheles gambiae Journal of Heredity 
	
4B0=B:H # "D:010H8A4 $ 4=4382C "& '0554ACH ( 0<< "
"2=8CC ! 
 )74 =>?74;4B 60<1804 tryptophan oxygenase 64=4
4G?A4BB43 5A>< 0 102D;>E8ADB ?A><>C4A 2><?;4<4=CB Drosophila
melanogaster E4A<8;8>= Insect Biochemistry and Molecular Biology 
		
>=6 . A843A827 " 		 #H<?70; '#8 BHBC4<82 '#8 <4380C43
64=4:=>2:3>F=8=9DE4=8;46A0BB7>??4A BMC Biotechnology  
01A82:   0=>BC "' 0:4A  		
 '#8 8=3D243 B8;4=28=6 >5
4<1AH>=82 CAH?C>?70= >GH64=0B4 8= C74 ?HA0;83 <>C7 %;>380 8=









Figure 4. $0<@09.0,7429809?:1?=D;?:;3,9:CD209,>0;=:?049>1=:8 Bombyx mori Tribolium castaneum %. !+	 Anopheles
gambiae 2(!+	

 Drosophila melanogaster 8 !+





0=6  !8  		
 B>;0C8>= 0=3 270A02C4A8I0C8>= >5 CAH?C>?70= >GH
64=0B4 64=4 >5 Aedes aegypti Direct sequence submission to NCBI database
(AF325458)
4AA4  '40; " "4=BD0 ! 02>1B>=   
 -0=C7DA4=82 0283
>6;D2>B834 0 =>E4; CAH?C>?70= <4C01>;8C4 8= 4H42>;>A




A834;; ., (40A;4B !! 

 Vermilion 0B 0 B<0;; B4;42C01;4 <0A:4A




 )74 CAH?C>?70= C> ><<>27A><4 ?0C7F0H 8= 8=B42CB





!;>H3 + '0<0BF0<8 "  A0<4A  
 #>C 9DBC ?A4CCH 4H4B Droso-
phila 4H4 2>;>DA <DC0C8>=B 0=3 ;HB>B><0; 34;8E4AH Trends in Cell Bi-
ology  
!>A4=I4= " A>F= ( 4=4;; ' 44<0= ', 		 ;>=8=6 0=3
270A02C4A8I0C8>= >5 C74 Tribolium castaneum 4H42>;>A 64=4B 4=2>3




!>D:4A8B ) !8E030A0B  A20  /010;>DB ( (0E0:8B  
 4=4
CA0=B54A 8=C> C74 <435;H Ceratitis capitata F8C7 0 Drosophila hydei
CA0=B?>B01;44;4<4=CB Science 	 				
&D0=   8<   ><>C> # (4IDCBD  $74C " (78<030 )  0=30
) "8C0    >10H0B78 " )0<DA0 ) 		
 70A02C4A8I0C8>= >5
C74 kynurenine 3-monooxygenase 64=4 8= C74 white 466 
 F
 <DC0=C >5
C74 B8;:F>A< Bombyx mori Direct sequence submission to NCBI database
(BAB62419)
"8H0B78C0 #) !0=6;4H  

 '4BCA82C8>= <0? ?>;H<>A?78B< 8=
C74 5>A:43 0=3 E4A<8;8>= A468>= >5 Drosophila melanogaster The
Japanese Journal of Genetics  	
:@=9,7:19>0.?$.409.0&:7F=?4.70
 ),90?,7
:@=9,7:19>0.?$.409.0FBBB49>0.?>.409.0:=2 Figure 5. !3D7:2090?4.?=00:1 Bombyx mori ?=D;?:;3,9:CD209,>0B4?3:?30=1,847D808-0=>%30/4>?,9.0?=00B,>.,7.@7,?0/@>492?30
;=:2=,8B34.3B,>-,>0/:9,7@>?,7,7429809?:1?30>0<@09.0>,1?0=;3D7:2090?4.,9,7D>4>=,9.37092?3>,=0;=:;:=?4:9,7?:;0=
.09?,20>0<@09.0/4110=09.0
"D:010H8A4 $ >A=4;  >CB>= " >;;8=B  0B0=B:H #

 )74 tryptophan oxygenase 64=4 >5 Anopheles gambiae Insect Bio-
chemistry and Molecular Biology  
(0F030  #0:06>B78 " "0B4   .0<0<>C> ) 			 $22DAA4=24 >5
><<>27A><42>=C08=8=6 ?86<4=C 6A0=D;4B 8= C74 24=CA0; =4AE>DB






(D<<4AB  " >F4;;B  %H;8>C8B # 
 8>;>6H >5 4H4 ?86<4=C0
C8>=8=8=B42CB 3E0=24B8==B42C%7HB8>;>6H  

)0:8:0F0 $ .>B7830 '  83> ' 0H08B78 $ 
 )AH?C>?70= 34
6A030C8>= 8= <824 8=8C80C43 1H 8=3>;40<8=4 38>GH640=B4 The
Journal of Biological Chemistry 
 

,0;:4A ' >F4;;B  )40A;4 ' 
 ;>=8=6 0=3 270A02C4A8I0
C8>= >5 C74 vermilion 64=4 >5 Drosophila melanogaster Molecular and Gen-
eral Genetics 	 
	
	
,78C4 ! >0C4B  C:8=B>= %, $KA>27C0  
 = 4H4 2>;
>A 64=4 5>A C74 34C42C8>= >5 CA0=B64=82 =>=Drosophilid 8=B42CB Insect
Biochemistry and Molecular Biology  




:@=9,7:19>0.?$.409.0&:7F=?4.70
 ),90?,7
:@=9,7:19>0.?$.409.0FBBB49>0.?>.409.0:=2 